PSYCHOLOGY 



ORIGINAL RESEARCH ARTICLE 

published: 20 February 2014 
doi: 10.3389/fpsyg.2014.00134 




Differences between left- and right-handers in 
approach/avoidance motivation: influence of 
consistency of handedness measures 

Scott M. Hardie* and Lynn Wright 

Evolutionary and Biological Approaches to Behaviour Research Group, School of Social and Health Sciences, University of Abertay, Dundee, UK 



Edited by: 

Onur Gunturkun, Ruhr-University 
Bochum, Germany 

Reviewed by: 

Sven-Erik Fernaeus, Karolinska 

Institutet, Sweden 

Dirk Koester, Bielefeld University, 

Germany 

Correspondence: 

Scott M. Hardie, Evolutionary and 
Biological Approaches to Behaviour 
Research Group, School of Social and 
Health Sciences, University of 
Abertay, Bell Street, Dundee, 
DDI 1HG, UK 

e-mail: s. hardie@abertay. ac. uk 



Hand preference is often viewed as a troublesome variable in psychological research, 
with left-handers routinely excluded from studies. Contrary to this, a body of evidence 
has shown hand preference to be a useful variable when examining human behavior. A 
recent review argues that the most effective way of using handedness as a variable, is 
a comparison between individuals who use their dominant hand for virtually all manual 
activities (consistent handers) versus those who use their other hand for at least one activity 
(inconsistent handers). The authors contend that researchers should only focus on degree of 
handedness rather than direction of preference (left versus right). However, we argue that 
the field suffers from a number of methodological and empirical issues. These include a lack 
of consensus in choice of cut-off point to divide consistent and inconsistent categories and 
importantly a paucity of data from left-handers. Consequentially, researchers predominantly 
compare inconsistent versus consistent right-handers, largely linked to memory, cognition 
and language. Other research on response style and personality measures shows robust 
direction of handedness effects. The present study examines both strength and direction 
of handedness on self-reported behavioral inhibition system (BIS) and behavioral activation 
system (BAS) scores, using evidence from a large (N = 689) dataset including more 
than 200 left-handers. There were degree of handedness effects on BIS and BAS-Fun 
Seeking, but effects are largely driven by differences between consistent left-handers and 
other groups. Choice of cut-off point substantively influenced results, and suggests that 
unless a suitable sample of left-handers is included, researchers clarify that their degree of 
handedness effects are applicable only to right-handers. We concur that strength of hand 
preference is an important variable but caution that differences related to consistency may 
not be identical in right and left-handers. 
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INTRODUCTION 

Hand preference has long been viewed as a troublesome variable in 
much research in psychology; left-handers in particular have been 
perceived as a noisy and unpredictable population and have often 
been excluded from studies (e.g., Ferrucci etal., 2013). However, a 
growing body of evidence suggests that handedness may provide 
some useful insights into individual differences in behavior (e.g., 
Wright etal, 2004; Kaploun and Abeare, 2010). Early research 
tended to examine differences between left- and right-handers and 
often found contradictory influences on behavior, although more 
recently there has been a move toward examining how handed- 
ness categories may influence the relationship with other variables 
(Beratis et al., 201 1; Wright and Hardie, 2012; Hardie and Wright, 
20 1 3 ). In parallel, there is a growing body of research which focuses 
on strength of handedness, that is, the extent to which individuals 
favor their chosen hand (regardless of direction of preference). As 
a consequence, there has been debate in the literature about which 
of these aspects of handedness researchers should focus upon. 
The debate has been brought into focus by a recent review. This 
work contends that the most appropriate way to view handedness 



is using comparisons between consistent/strong handers who use 
their chosen hand for virtually all manual activities and incon- 
sistent/mixed handers, who use their other hand for at least one 
activity (Prichard etal., 2013). Prichard etal. (2013) clearly advo- 
cate that "Instead of direction of hand preference being the variable 
of interest, it should be degree" (p. 1). 

While Prichard etal. (2013) provide a very useful synthesis of 
strength of handedness research and expand our understanding 
of handedness (especially in the areas of memory retrieval and 
belief updating/ cognitive flexibility); there are problems with the 
notion that direction is not an appropriate measure. For exam- 
ple, on the basis of an item response theory evaluation of one 
of the major handedness questionnaires (Oldfield's, 1971; Edin- 
burgh Handedness Inventory, EHI), Biisch etal. (2010) strongly 
argue that only two classes of response emerge - left- and right- 
handed. Other researchers have argued that the most appropriate 
way to measure handedness is to examine a tripartite model - cov- 
ering consistent-left, consistent-right and mixed-handers, based 
on factor-analysis (Peters and Murphy, 1992), neuroimaging (e.g., 
Knecht etal., 2000; Kirveskari etal, 2006) and behavioral studies 
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(Kaploun and Abeare, 2010). Finally, recent work in this area 
combines both direction and degree; Lyle etal. (2012a) found 
differences between consistency groups within handedness cate- 
gories. This is potentially the most effective way of understanding 
the influence of handedness on behavior, and may be seen as 
a "gold standard" for future work, but such studies remain 
rare. 

In order for degree of handedness to be considered as a valid 
variable, there is a need to examine the empirical and conceptual 
basis for this measure. After conducting a review of the methodol- 
ogy and theoretical stance of the authors of more than 30 articles 
using consistency of handedness as a variable, four major issues 
were identified. The first two are issues which are important for 
the field to debate and come to a consensus over, and are noted 
here simply in order to stimulate debate, while the second two 
issues will be empirically examined. 

Firstly, the use of the EHI as a measure of handedness may 
be criticized. Oldfield's, (1971) EHI is a self-report measure and 
respondents answer questions regarding their preference to use 
a chosen hand "always" "mostly" or to use "either" hand on 10 
manual tasks (e.g., writing, throwing). Scores are converted into a 
Laterality Quotient ranging from — 100 (complete left-hand pref- 
erence) through 0 (no preference) to +100 (complete right-hand 
preference). This instrument has been extensively evaluated since 
its' inception (Bryden, 1977; Williams, 1986; Dragovic, 2004), 
highlighting problems with the original scoring system (Fazio 
etal., 2012) which can lead to errors, as well as issues with the 
structure of the questionnaire itself (Dragovic, 2004). Recently, 
Milenkovic and Dragovic (2013) proposed that a seven-item ver- 
sion was superior to the original 10-item version, although Veale 
(2014) disputes this, instead offering her own four-item version. 
The crux of this debate is that some items may cause consider- 
able measurement error, and that the 10-item version may lead to 
an overestimation of the proportion of mixed-handers (Dragovic 
etal., 2008; Busch etal, 2010). The field needs to address these 
problems and agree on a standardized way to measure hand pref- 
erence strength, before an accurate assessment of findings can be 
made. 

Secondly, the use of a split to divide a potentially continuous 
variable (in this case, strength of handedness) into discrete cat- 
egories has been criticized for at least the last 30 years (Cohen, 
1983; Streiner, 2002; Irwin and McClelland, 2003). MacCallum 
et al. (2002), for example, argue that it can result in a loss of ana- 
lytical power or may create falsely significant results. DeCoster 
etal. (2009) specifically examined the use of dichotomization 
of samples in psychological research, contacting a number of 
researchers to establish their rationale for this. The researchers 
followed this up with Monte Carlo simulations and conclude 
that continuous variables outperformed dichotomized versions 
in the majority, but not all of the cases. They produced crite- 
ria for dichotomising samples, but it should be noted that the 
emphasis was on the use of data to support the categorization 
process. This poses a question for researchers, if dichotomiza- 
tion is being used, should it be done on a seemingly artificial 
basis (median of hand strength), or should it rely on a split 
based on underlying latent classes (such as left versus right - 
Busch etal., 2010)? Another option might be to use the mean 



score in each sample and convert the preference scores into sta- 
nines, and use stanine-5 exclusion to split the sample. This type 
of split is used in some areas of psychology (e.g., Moritz etal., 
2006) and may be worthy of examination. Alternatively, DeCoster 
etal. (2009) suggest that extreme group analysis (i.e., selectively 
recruiting participants from the extremes) is a viable strategy, 
so perhaps this might be a useful way of testing consistency? 
The use of a median split for dichotomization needs to be more 
strongly justified by researchers, perhaps using DeCoster etal. 
(2011) recommendations. 

Assuming that handedness should be examined using a non- 
continuous categorization, the third issue relates to the choice 
of the cut-off point to divide populations into consistent versus 
inconsistent handers (IH). The majority of studies use a notional 
median value of 80 on the EHI to split their groups into consis- 
tent and inconsistent (e.g., Christman and Butler, 2011; Lyle and 
Orsborn, 2011; Dollfus etal., 2012; Westfall etal., 2012), but it is 
not clear whether this median value is consistently found within 
individual samples. It is not common practice in many of these 
studies to publish their own median values, making the validity 
of a median split at 80 questionable. Even if the median value is 
established, there are additional problems with a lack of consis- 
tency in how to operationalize the split itself. For example, there 
are times when the consistency group is defined as scoring above 
the proposed median, i.e., 85 or above (Propper et al, 2005; Christ- 
man etal, 2009; Jasper etal, 2009). There are other times when 
it is defined as scoring at the median and above, i.e., 80 or above 
(Christman etal., 2006; Lyle and Grillo, 2014), or occasionally at 
some other figure such as 95 or above (e.g., Lyle etal., 2008). This 
lack of consistency across studies makes it difficult to directly com- 
pare findings and also suggests that choice of cut-off may influence 
results. 

The final, and arguably the most important issue relates to 
how left-handers fit into this area of research. As a group, left- 
handers present a challenge to researchers, as they are generally 
less strongly lateralized than right-handers (Oldfield, 1971) and 
are relatively scarce, comprising approximately 10% of the gen- 
eral population (Ellis etal., 1988). Even more problematic, is 
that consistent or strongly lateralized (EHI < -80) left-handers 
make up only 2-3% of all individuals (Prichard etal., 2013). 
This makes them an extremely difficult group of participants to 
recruit, and only a few of the many studies of degree of hand- 
edness have been able to recruit a sufficient number of strong 
left-handers to be able to examine them as a group. As noted 
by Prichard etal. (2013) this means that the vast majority of 
this research predominantly compares inconsistent versus con- 
sistent groups largely, or exclusively, made up of right-handers 
(for an exception, see Lyle etal, 2012b). This conflicts with 
much of the literature which states their findings in terms of 
consistent versus IH, without making the rightward bias clear 
in terms of the narrative used in title, introduction and discus- 
sion (e.g., Niebauer, 2004; Westfall etal., 2010; Rose and Nagel, 
2012). By failing to have enough data on strong left-handers, 
researchers are not in a sufficiently robust position to be able to 
say whether they are definitely the same as, or different from, 
strong right-handers. To clarify this, it is suggested that the field 
states clearly when the comparison group is predominantly made 
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up of right-handers only (for an example of this approach, see 
Christman, 2013). 

The current study seeks to examine the issues of cut-off point 
choice and a lack of empirical data from left-handers, in light 
of Prichard etal.'s (2013) review and their strong assertion that 
direction of handedness is a "more powerful and appropriate 
way to classify handedness than the traditional one based on 
direction (right versus left)" (p. 1). Arguably this assertion is pre- 
mature, particularly due to a lack of data from consistent left 
(CL)-handers, and that the studies thus far suffer from a lack of 
agreement in terms of the cut-off points used to test consistency 
effects. Consequentially, there is one main research question that 
requires answering: does strength of handedness influence left- 
and right-handers in the same way? 

In order to do this, the present research examines the influ- 
ence that strength of handedness has on a dataset which has 
a relatively large (N = 202) number of left-handers, seek- 
ing to understand the potential relationship both strength and 
direction may have on findings. As noted previously, recent 
work on degree of handedness has been extensively linked to 
areas of cognition such as memory. The present study extends 
this into an area of personality, focusing on the relationship 
between handedness and motivation measured by the behav- 
ioral inhibition system (BIS) and behavioral activation system 
(BAS) scales of Carver and White (1994). The BIS/BAS scales 
are a self-report measure of the revised reinforcement sensitiv- 
ity theory of personality (rRST; Gray and McNaughton, 2000). 
Briefly, this theory postulates that behavior is broadly influ- 
enced by three interacting systems; the BAS which motivates 
approach, reward and impulsivity; the fight-flight-freeze system 
(FFFS) which relates to fear of a negative outcome, punishment 
and withdrawal; and the BIS which resolves conflict within or 
between the other two systems (see Corr and McNaughton, 2008 
for details). Prior studies have linked the right-hemisphere to 
behavioral inhibition and behavioral avoidance (e.g., Davidson, 
1985, 1995, 1998), with Sutton and Davidson (1997) describ- 
ing the left hemisphere as corresponding to approach behavior 
and the right hemisphere to avoidance behavior. For example, 
Shackman etal. (2009) have shown that individuals reporting 
themselves as behaviorally inhibited have an increased resting 
activity within their right dorsolateral prefrontal cortex. Other 
work links the right-hemisphere to infants' temperamental shy- 
ness, anxiety, and behavioral inhibition (Schmidt etal., 1999; 
Fox etal, 2001). Added to this are animal studies linking left- 
hand preference to delays in exploratory and investigative behavior 
(Hopkins and Bennett, 1994; Cameron and Rogers, 1999). There 
is evidence to suggest that measurements of lateral preferences 
are indicators of hemispheric preferences (Kinsbourne, 1997; 
lackson, 2008), with the lateral preference indicative of a pref- 
erence for the contralateral hemisphere. Previous work in this 
area (Wright etal., 2009) found hand direction differences, but 
the evidence has yet to be examined in terms of strength of 
handedness. 

The current study seeks to investigate whether strength of hand- 
edness influences left- and right-handers in the same way, in terms 
of their relationship to BIS/BAS variables. This will be investigated 
empirically in two ways: 



(1) Systematically examining the influence of cut-off points on 
strength of handedness findings. This will be done by com- 
paring the dataset using a range of cut-off points derived from 
both the literature and the data itself. 

(2) Examining how strength of handedness relates to other vari- 
ables? This will use regression to examine whether the rela- 
tionship between variables is the same for both handedness 
groups. 

MATERIALS AND METHODS 
PARTICIPANTS 

Six hundred and eighty-nine participants took part in this study, 
272 were male and 417 were female. The majority (N = 502) 
were in the 18-29 year category, comprising 76% of males and 
71% of females. Two hundred and two were left-handed, 481 were 
right-handed, and the remaining six had no overall preference. 

MEASURES 

Demographics including gender and age category (18-29, 30-39, 
40-49, 50-59, 60-69, and 70 + years) were collected. The EHI 
(Oldfield, 1971) was used to measure strength and direction of 
handedness, where participants were asked to indicate which hand 
they would normally use in each of ten tasks. Choices were Left 
Always, Left Mostly, Either, Right Mostly, Right Always, and as 
in previous work (Hardie and Wright, 2013) these were scored 
as —10, —5, 0, 5, and 10, respectively. Totaling this up yielded 
a score ranging from —100 (completely left-handed) to +100 
(completely right-handed). 

Carver and White's (1994) BIS/BAS scale was used to mea- 
sure self-reported BIS, BAS and FFFS scores. This instrument has 
20 items sub-divided into four categories. Three scales measure 
BAS - Reward Responsiveness (e.g., "It would excite me to win 
a contest"), Fun Seeking (e.g., "I often act on the spur of the 
moment") and Drive (e.g., "I go out of my way to get things I 
want". Originally only a single category measured BIS sensitivity 
(e.g., "Criticism, or scolding hurts me quite a bit") but this has 
subsequently been subdivided into FFFS (questions 2 and 22) and 
BIS scales (remaining five BIS questions) based on previous work 
(Corr and McNaughton, 2008; Hardie and Wright, 2013). In all 
cases, questions were answered as one of four options, ranging 
from "Very false for me" to "Very true for me" and scored as per 
Carver and White (1994). 

PROCEDURE 

Participants were recruited from both university and the general 
public through a sustained campaign of emails, website notices, 
recruitment at public science centers, and at science fairs over 
the course of around 12 months. We paid particular attention to 
the recruitment of left-handers, asking for people who consid- 
ered themselves to be "left-handed" but we also recruited people 
more generally and tested all individuals who agreed to participate 
regardless of hand preference. Testing was carried out via a web- 
based presentation of the questionnaires, in a randomized order, 
after participants agreed to participate. The research was approved 
by the school research ethics committee and abided by the British 
Psychological Society Code of Human Research Ethics. 
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Table 1 I Distribution of EHI scores. 

Whole DATA set Absolute strength Left-handers only Right-handers only 

(A/ = 689) (A/ = 689) (A/ = 202)* (A/ = 481)* 

EHI score median 60 70 -65 75 

EHI score mean (SD) 32.43(64.1) 67.0(25.8) -59.0(25.5) 71.22(24.1) 

Male Female Male Female Male Left Female Left Male Right Female Right 

(A/ = 272) (A/ = 417) (A/ = 272) (A/ = 417) (A/ = 86) (N = 116) (A/ = 186) (N = 295) 

EHI score median 60 60 70 70 -65 -65 75 75 

EHI score mean (SD) 29.9(65.5) 34.1(63.2) 68.1(23.0) 66.3(27.4) -60.5(24.4) -57.8(26.3) 71.6(21.5) 71.0(25.6) 

*Six individuals who had an EHI score of 0 were removed for the left versus right figures. 



STATISTICAL ANALYSIS 

Statistical analyses were carried out using SPSS v21. a was set at 
0.05. The strength of hand preference scores were initially exam- 
ined in terms of median scores, compared by direction of hand 
preference and gender. This was followed by an investigation of the 
influence of categorization system on measures of BIS/BAS, with 
all participants being assigned into Consistent/Inconsistent cate- 
gories based on six separate classification systems with different 
cut-off points on the EHI. As gender has been shown to influence 
BIS/BAS scores, it was also included as a factor in all analyses. 
For each classification scheme the following three analyses were 
carried out: 

Consistent handedness versus inconsistent handedness regard- 
less of direction [AN OVA 2 (Gender) x 2 (Consistency)]. 
Consistent left (CL, consistent right (CR), and inconsistent (IH) 
handers [ANOVA 2 (Gender) x 3 (Consistency)]. 
Consistent left (CL), inconsistent left (IL), consistent right 
(CR), and inconsistent right (IR) handers [ANOVA: 2 (Gen- 
der) x 4 (Consistency)]. 

This was undertaken on BIS, FFFS, BAS-Reward Responsiveness 
(BAS-RR), BAS-Fun Seeking (BAS-FS), BAS-Drive (BAS-D), as 
well as a combined BAS score. For the second and third analyses, 
post hoc tests with Bonferroni corrections were calculated where a 
main effect of consistency was found. Only significant results will 
be reported. 



Handedness was also examined in terms of a regression model, 
undertaking the following regression analyses: 

EHI scores to include directionality and absolute scores to assess 
general relationship to strength. 

Left versus right (as has been used in other studies, such as 
Hardie and Wright, 2013) where the analyses look at each 
category separately. 

As gender was related to most of these measures, stepwise mul- 
tiple regressions were used to examine the relationship between 
handedness and BIS/BAS variables. For each of the analyses, step 
one was to regress the BIS/BAS measures on gender. In step two, 
the measures of hand strength were introduced. A significant 
increase in R 2 when comparing the first to second step would 
indicate that handedness accounts for variance in BIS/BAS mea- 
sures over and above those related to gender. If EHI is a significant 
predictor, then direction of handedness is important, while if abso- 
lute is significant then strength is most important. Beta weights 
provide the basis for examining any relationships. The key data 
is R 2 change and individual beta weights for the variables of 
interest. 

RESULTS 

Table 1 shows that the cut-off for the entire sample is 60, for 
left-handers only, it is -65 and for right-handers only, it is 75. 



Table 2 | Influence of split value used, in terms of number of participants in each category. 



Median categorization system 


Consistent left-handers 


Inconsistent left-handers 


Consistent right-handers 


Inconsistent right-handers 


EHI85 (Consistent ± 85) 


38 (5.6%) 


164 


184 (26.9%) 


297 


EHI80 (Consistent ± 80) 


53 (7.8%) 


149 


235 (34.4%) 


246 


EHI75 (Consistent ± 75) 


66 (9.7%) 


136 


261 (38.2%) 


220 


EHI70* (Consistent ± 70) 


87 (12.7%) 


115 


304 (44.5%) 


177 


EHI60** (Consistent ± 60) 


119 (17.4%) 


83 


367 (53.7%) 


114 


EH 140 (Strong ±45) 


145 (21.2%) 


57 


395 (57.8%) 


86 



*Based on actual median calculated from absolute strength figures. 
* 'Based on actual median calculated from EHI strength figures. 



Frontiers in Psychology | Cognition 



February 2014 | Volume 5 | Article 134 | 4 



Hardie and Wright 



Handedness degree, direction, and BIS/BAS 



EXAMINATION OF THE INFLUENCE OF CATEGORIZATION SYSTEMS 

Table 2 shows variation within handedness categories depending 
upon the classification system used. The percentage of the sample 
categorized as consistent left - ranged from 5.6% of the sample 
in the most stringent to 21.2% in the loosest classification, and 
for CR-handers, these ranged from 26.9% (stringent) to 57.8% 
(loosest). 

For all variables (except total BAS) gender was a significant fac- 
tor. Females were significantly higher on BIS, FFFS and BAS-RR, 
while males were significantly higher on BAS-D and BAS-FS. All 
are F(i,685) > 4.7, with p values = 0.035 or lower. There were 
no interactions between gender and handedness categories. The 
remaining analyses, therefore, focus on the influence of catego- 
rization. There were no main effects using either the EHI60 or 
EHI40 classifications. 

TWO CATEGORY SPLITS: CONSISTENT (CH) VERSUS INCONSISTENT 
(IH) HANDERS 

Table 3 shows that CH had a significantly higher FFFS score only 
when using the EHI85 cut-off point [-F(i,6S5) = 12.17, p = 0.001]. 



Table 3 |The influence of median split point and handedness 
categorization system on significant consistency of handedness 
differences found on the BIS/BAS scales. 



Scale 


Finding* 


EHI85 


EHI80 


EHI75 


EHI70 






Split 


Split 


Split 


Split 


Two categories 


FFFS 


CH > IH 


0.001 








BIS 


CH > IH 


0.006 


0.035 


0.011 




BAS-FS 


IH > CH 


0.009 


0.029 


0.020 




Three categories 


FFFS 


CR > IH 


0.002 








BIS 


CL > IH 


0.001 


0.046 


0.005 


0.014 




CL > CR 


0.018 








BAS-FS 


IH > CL 


0.005 


0.011 


0.007 




BAS-RR 


CL > CR 






0.037 


0.009 




CL > IH 








0.046 


Four categories** 


FFFS 


CR > IL 


0.008 










CR > IR 


0.035 








BIS 


CL > CR 


0.036 










CL > IL 


0.010 










CL > IR 


0.001 


ns 


0.007 


0.038 


BAS-FS 


IL > CL 


0.019 


0.028 


0.017 






IR > CL 


0.013 


0.037 


0.031 




BAS-RR 


CL > CR 








0.019 



*CH, consistent handers; IH, inconsistent handlers; CL, consistent left-handers; 
CR, consistent right-handers; IL, inconsistent left-handers; IR, inconsistent right- 
handers. 

* *Six individuals who had an EHI score of 0 could not be assigned a direction 
(left or right) and were removed from the four category analyses. 



Looking at BIS scores, CH had significantly higher values in 
the EHI85 [F(i, 6 g 5 ) = 7.73, p = 0.006], EHI80 [F ( i, 6 85) = 4.47, 
£ = 0.035], and EHI75 [P(i )6 85) = 6.49, p= 0.011] classifications. 
IH had a significantly higher value of BAS-FS, and like the BIS 
scores, these were only significant in EHI85 [F(i,685) = 6.87, 
p = 0.009], EHI80 [F ( i,685) = 4.78, p = 0.029], and EHI75 
[-F(i,685) = 5.46, p = 0.020] classifications. There were no other 
significant effects. 

THREE CATEGORY SPLITS: CONSISTENT RIGHT (CR), CONSISTENT LEFT 
(CL) AND INCONSISTENT (IH) HANDERS 

There was a significant main effect of category on FFFS scores 
(EHI85), f(2,683) = 6.23, p = 0.002. Post hoc analyses revealed 
that only CR was significantly higher than IH (p = 0.002). For 
BIS, there was an influence of category on differences from EHI85 
through to EHI70, all F(2,683) > 3.34, p values = 0.036 or lower. 
Further analyses showed that CL was significantly different from 
CR in only the EHI85 system, but differed from IH in all classi- 
fications. For BAS-FS, there were main category effects in EHI85, 
EHI80 and EHI75 - F (2 ,683) > 4.55, with p values = 0.011 or 
lower. In all cases, only CL was significantly lower than IH. 
There was an additional main effect of categorization on BAS- 
RR, for both EHI75 [F (2 ,683) = 3.24, p = 0.040] and EHI70 
[£(2,683) = 4.44, p = 0.012]. In both cases CL were significantly 
higher than IH, and in EHI70 CL were also significantly higher 
than CR. 

FOUR CATEGORY SPLITS: CONSISTENT RIGHT (CR), CONSISTENT LEFT 
(CL), INCONSISTENT LEFT (IL) AND INCONSISTENT RIGHT (IR) 
HANDERS 

Comparing fully across hand direction and consistency categories 
helps to clarify where differences are arising (Table 3). Again 
the FFFS main effect is linked to the EHI85 classification only, 
_F(3 i675 ) = 4.27, p = 0.005 and post hoc analyses revealed CR were 
significantly higher scoring than both IL and IR. The consistent 
groups did not significantly differ. For BIS, there were significant 
main effects of classification system from EHI85 through to EHI70, 
all with F (3,675) > 2.66, p values = 0.047 or lower. In all cases CL 
were significantly greater than IR, except for EHI80 (p = 0.052). 
For EHI85, CL were also significantly higher in BIS than CR and 
IL. There were also main effects of classification system on BAS-FS 
scores for EHI85, EHI80 and EHI75 categories [all F(3,675) > 3.13, 
p values = 0.025 or lower] . In all three cases, CL were significantly 
lower than both IL and IR. Finally, for EHI70 there was also a dif- 
ference in BAS-RR scores, -Fp^s) = 3.07, p = 0.027, where only 
the CL group had significantly higher scores than CR (p = 0.019). 

RELATIONSHIP OF STRENGTH OF HAND PREFERENCE TO OTHER 
VARIABLES 

As the previous analyses predominantly found differences in BIS 
and BAS-FS then the following analyses are limited to these. 

STRENGTH OF HANDEDNESS 

In step 1 (Gender) the model successfully predicted BIS 
[f (1688) = 50.22, p < 0.0001, R 2 = 0.07] and BAS-FS 
[F (h6S&) = 8.24, p = 0.004, R 2 = 0.01] and was also the case in 
step 2 (Gender and Handedness), for both BIS [f(3,688) = 19.85, 
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p < 0.0001, R 2 = 0.08] and BAS-FS [F( 3>6 88) = 4.11, p = 0.007, 
R 2 = 0.02]. In the case of BIS, the introduction of handedness in 
Step 2 significantly improved the model, F(2,685) = 4.41, p = 0.012, 
AR 2 = 0.012. Both EHI [0 = -0.088, t(688) = -2.26, p = 0.024] 
and absolute strength [p = 0.101, f(688) = 2.59, p = 0.010] were 
significant but weak predictors of BIS. In the case of BAS-FS, hand- 
edness failed to significantly improve the model, and absolute 
strength was not a significant predictor. In general, handedness 
only explained a very small amount of overall variance. 

STRENGTH OF HANDEDNESS FOR EACH CATEGORY 

The sample was divided into left- and right-handers in order to 
investigate the relationship between BIS-measures and handedness 
strength separately. In this case, only absolute strength is used, as 
for each handedness group this is effectively the same figure. 

Right-handers (i.e., EHI scores > 0,N= 481) 

Neither BIS nor BAS-FS were significantly correlated with abso- 
lute strength. The model successfully predicted BIS in both 
Step 1 [F ( i,480) = 47.96, p < 0.0001, R 2 = 0.09] and Step 2 
[F(2,480) = 24.15, p < 0.0001, R 2 = 0.09] but the introduction 
of strength of handedness in Step 2 did not significantly improve 
the model. The model failed to successfully predict BAS-FS. 

Left-handers (i.e., EHI scores < 0,N= 202) 

BIS significantly correlated with absolute hand strength 
r(202) = 0.140, p = 0.024, but BAS-FS did not. BIS was suc- 
cessfully predicted in both Step 1 [-F(i,2oi) = 7.95, p = 0.005, 
R 2 = 0.04] and Step 2 [F (2j2 oi) = 6.44, p = 0.002, R 2 = 0.06] and 
the introduction of strength of handedness in Step 2 significantly 
improved the model F(i,i 9 9) = 4.78, p = 0.030, AR 2 = 0.023, with 
strength of handedness a significant predictor of BIS [p = 0.150, 
f(201) = 2.19, p = 0.030]. BAS-FS was also successfully pre- 
dicted in both Step 1 [F(i, 2 0l) = 5.32, p = 0.022, R 2 = 0.03] 
and Step 2 [F (2 , 2 oi) = 3.80, p = 0.024, R 2 = 0.04] but introduc- 
tion of handedness in Step 2 did not significantly improve the 
model. 

DISCUSSION 

The current study did not find a median hand preference score of 
80, a value which has been used in most previous studies (e.g., 
Christman etal., 2008; Westfall etal., 2010; Lyle etal., 2012a). 
The present sample comprises a relatively large sample of left- 
handers added to a sample of more than 400 right-handers, which 
yielded a median strength of 60. By taking absolute score (strength 
regardless of direction) this increases, but even examining only 
right-handers there is a median of 75. This calls into question the 
robustness of using a fixed value cut-off point based on a notional 
median score, and also illustrates the potential confound that may 
arise when using an actual versus notional median value. Differ- 
ences in scoring of the EHI may potentially be a factor, as the 
original scoring system is problematic (Fazio etal., 2012). How- 
ever, most researchers in the field appear to use a system dividing 
strength into multiples of 5 ranging from -10 for left-always to 
+ 10 for right-always (e.g., Christman et al., 2008; Lyle et al., 2012a; 
Hardie and Wright, 2013), so it is unlikely that scoring differences 
greatly influenced the current results. 



Examining the influence of strength and direction of handed- 
ness on measures of Carver and White's (1994) BIS/BAS scales 
demonstrated that consistency of handedness had an influence 
on several measures. These were mainly related to BIS and BAS-FS 
which were significantly different across three different split points 
(EHI85, EHI80, and EHI75), suggesting that these were robust 
differences. As mentioned above, the current study did not find 
a median score of 80, so the use of this as a cut-off point may 
be questioned. When using a notional median of 80, which a 
majority of studies do (e.g., Jasper etal, 2008; Christman and 
Butler, 2011; Lyle and Orsborn, 2011; Westfall etal, 2012), the 
present study demonstrated some strong differences between CH 
and IH especially when using an "above median" cut-off of 85 
(e.g., Propper et al., 2005; Jasper et al., 2009). For BIS scores, using 
the three category model (CR, CL, and IR) then CL were higher 
in BIS than the other two groups, suggesting that this group were 
strongly influencing the findings. In the four category classification 
(additionally splitting IH into IL and IR), CL were again signifi- 
cantly higher in BIS than the other three categories. Therefore, 
by selectively choosing this cut-off point to determine consis- 
tent handers, the current research findings could be interpreted 
as strongly arguing that consistent left-handers were significantly 
higher in BIS than other handedness groups and suggests that 
the increased behavioral inhibition of left-handers (e.g., Wright 
et al, 2009) may be driven by this group. This illustrates that when 
examined in a sufficient number, consistent left- and right-handers 
may differ from each other, supporting the contention that in the 
absence of enough data on left-handers other studies should not 
automatically assume similarity in behavior. 

As expected, it was clear that the choice of cut-off point influ- 
enced the extent to which consistency effects on BIS/BAS were 
shown. This is an important finding, as comparing across other 
handedness consistency research there is a range of cut-off values 
for defining the "consistent hander" group, mainly equivalent to 
EHI85, EHI80, and EHI75 classifications used here. The present 
work is the first demonstration of the direct effect of choice of 
how to operationalize the median split point within the same 
dataset, highlighting the influence and also the need for con- 
sensus. A wider examination of the use of median splits across 
psychology yields a similarly mixed picture. A large proportion 
of them are largely silent in terms of how a median split is oper- 
ationalized, for example, indicating that the variable in question 
was split into two groups based on the median, but not stating 
what was done with those at the median (e.g., Rydstedt etal., 
2008; Tops and Bokshem, 2011; McCullough etal, 2012; Smith 
etal, 2013). It is common practice to have the split at a point 
scoring above the median (St Clair-Thomson and Sykes, 2010), 
and only a few studies indicate what is done with those falling 
at the median, usually adding them to the "low" group (e.g., 
Whaley, 2003; Hochwalder, 2009). If the field were to follow 
this convention, and assuming that the median of 80 can be 
justified, then this would equate to a consistency cut-off point 
of >80 on the EHI. As most handedness researchers use the 
EHI in a Likert scale format, this would equate to using the 
EHI85 system from the present study and it is suggested that 
this may be an appropriate way to create strength of preference 
categories. 
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Examining direction of handedness influences, only a hand- 
ful of studies have had a sufficiently large sample of consistent 
left-handers in order to carry out the "gold standard" analysis of 
comparing all four groups (Lyle etal, 2012a,b; current study). 
Unfortunately, this means that for the majority of the litera- 
ture, the position of consistent left-handers is somewhat confused. 
In some cases they are dropped from analysis as there is "evi- 
dence that strong left- and strong right-handers differ from one 
another. . ." (Christman and Butler, 201 1, p. 18), or that "strongly 
left-handed differ from both the strongly right- and the mixed- 
handed, and thus may constitute their own group" (Propper et al., 
2005, p. 754). In other cases they are subsumed because "strong 
left-handers resemble strong right-handers, with mixed-handers 
being distinct from the other two strongly handed groups" (Christ- 
man et al., 2009, p. 1 184). This ambiguity is clearly demonstrated 
in Prichard etal.'s (2013, p. 3) comprehensive review, where 
they argue that researchers should not consider direction, while 
paradoxically acknowledging that most of the studies in their 
review "compared ICH with CR-handers." Arguably, the clear- 
est position to take is to conduct the "gold standard" test if at 
all possible, but should there not be enough left-handers to test 
for this, to clearly state that the difference is based on mainly 
CR-handers. 

In terms of the handedness related differences it appears that 
both strength and direction of handedness may both relate to 
BIS/BAS. A relationship between left-handedness and behavioral 
inhibition has become quite well established, through behavioral 
studies (Wright etal, 2004, 2013; Wright and Hardie, 2011), self- 
reported measures (Wright etal, 2009; Lyle etal, 2012a; Hardie 
and Wright, 2013), comparative evidence (Cameron and Rogers, 
1999; Rogers, 2009) and models of hemispheric specialization link- 
ing the left-hemisphere to avoidance and the right-hemisphere to 
approach (see Rutherford and Lindell, 2011 for a review). Previ- 
ous research found that consistent handers showed significantly 
higher behavioral inhibition than IH, which might be expected 
(e.g., Niebauer, 2004; Lyle etal, 2012a). When the present study 
examined the findings in terms of a relationship to direction of 
handedness as well (using EHI85) it clearly demonstrated that 
high scoring CL-handers have the highest mean BIS scores; that 
for left-handers regression analysis showed hand-strength was a 
significantly positive but weak predictor of BIS, and unsurpris- 
ingly BIS and hand strength were significantly correlated. Taken 
together, these findings suggest that for left-handers their relation- 
ship with behavioral inhibition links to degree of handedness in a 
way that is different from right-handers. 

BAS-FS differences were also found, although these were in 
the opposite direction, with IH scoring higher than consistent. 
This is not surprising, as there is a body of evidence suggesting 
that IH are less conservative (Lyle and Grillo, 2014), more gullible 
(Christman etal., 2008), more open to non-standard ideas (Bar- 
nett and Corballis, 2002; Christman, 2013) and generally more 
risk aversive (Christman etal, 2007). Similar to the BIS find- 
ings, the main differences were largely driven by the influence 
of CL-handers being significantly different from all IH, but in this 
case, not CR-handers. This meant that regression analysis did not 
significantly differ between right- and left-handed groups. High 
BAS-FS has been linked to instant gratification and lack of future 



contemplation (Heym and Lawrence, 2010) and trait impulsivity 
(Smillie etal, 2006), and fits with behavioral evidence that left- 
handers may show an initial response delay when confronted with 
novelty (Wright et al, 2013). 

Putting this together, the current study shows that left-handers 
may be different in some aspects of personality, compared to 
right-handers. The extent to which this can be directly applied to 
other areas of personality is not currently clear, mainly due to the 
paucity of data on left-handers. Therefore, the present work will 
hopefully act as a catalyst for other researchers to collect data from 
a sufficient number of left-handers, so that future hand preference 
findings are driven by data, rather than assumptions. What can be 
generalized to other work is our overall finding that consistent left- 
and right-handers may not always behave in the same way. This 
is because it contrasts with other work which argues that direc- 
tion is not important (Prichard et al, 2013), and potentially leaves 
a question as to how should the field proceed? The recent work 
of Lyle etal. (2012b) offers some insight here, as although they 
found consistent left- and right-handers did not differ in terms of 
memory accuracy, they did find that left-handers as a group were 
slower to make judgments about memory. In other work Prop- 
per etal. (2007) found that consistent left-handers had a different 
pattern of sleep compared to CR-handers, and Lyle etal. (2012a) 
found that CR-handers were more anxious than IH, but for left- 
handers consistency did not relate to anxiety. As anxiety is seen 
as an outward sign of BIS activity (Corr and McNaughton, 2008) 
then the finding of Lyle etal. (2012a) resonates with the current 
results, and they give the intriguing possibility that direction may 
be important for left-handers and that strength may be important 
for right-handers. 

The current research also has direct implications for the main 
theory for how hand strength may influence behavior. This 
theory relies upon the notion of an increased access to the right- 
hemisphere for IH (compared to consistent handers), allowing 
them to better coordinate across both hemispheres, that is, hav- 
ing better interhemispheric interaction (Christman etal., 2004; 
Niebauer, 2004; Propper etal., 2005; Jasper etal, 2008). When 
taken from the viewpoint of right-handers these arguments are 
more or less the same, but by adding consistent left-handers to the 
equation then these become potentially separable issues. 

Indeed, for left-handers the right-hemisphere access argu- 
ment can also be questioned due to anatomical evidence. This 
suggests that there are structural asymmetries in the central sul- 
cus, where the dorsolateral motor cortex of right-handers is 
larger in the left-hemisphere, while the opposite is found for 
left-handers (e.g., Amunts etal, 2000; Kloppel etal., 2010). Addi- 
tionally, the contralateral motor control arrangement of the 
primary motor areas of the brain means that left-hand action 
is largely operationalized via the right-hemisphere (Grabowska 
et al., 2012), making increased right-hemisphere access arguments 
for mixed-handers untenable for left-handers. Also contrary to 
the "IH having an increased right-hemisphere access" model is 
work by Cherbuin and Brinkman (2006). Using Poffenberger's 
Paradigm, they found that for left-handers, increases in hand 
strength were related to increases in efficiency of interhemi- 
spheric interaction and as a group, strong left-handers had the 
highest accuracy (in letter-matching within and across visual 
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fields), while strong right-handers had the lowest. On the other 
hand, arguments relating degree of handedness to interhemi- 
spheric interaction may be important. For example, Potter 
and Graves (1988) argued that CR-handers had a poorer inter- 
hemispheric transfer performance during a line drawing task 
when compared with non-right-handers. Luders etal. (2010) 
showed a negative association between corpus callosum size and 
strength of handedness, regardless of direction of handedness. 
This largely supports the idea that strength of handedness may 
demonstrate something important about how the hemispheres 
interact. 

However, taking a wider examination of evidence, then it 
becomes apparent that compared to right-handers, left-handers 
appear to be more heterogeneous in terms of hemispheric 
organization and specialization (see Herve etal., 2013, for a 
recent review). The assumption of consistent left-handers being 
similar to strong right-handers in interhemispheric connectiv- 
ity is certainly open to debate, for example, Westerhausen 
etal. (2004) examined the corpus callosum, and found that 
left-handers had a higher density of fibers, suggesting greater 
interhemispheric connectivity. Other recent evidence examin- 
ing motor control in the primary motor cortex, found that 
left-handers responded differently from right-handers when tran- 
scranial magnetic stimulation (TMS) was applied to either the 
dominant or non-dominant side (van den Berg etal, 2011). 
Right-handers were more disrupted in the task when the non- 
dominant side was stimulated, but left-handers split into two 
distinct groups - one more disrupted by non-dominant side 
stimulation, the other by dominant side. A similar conclu- 
sion has recently been drawn by Lyle etal. (2012a, p. 13) 
who argue that "consistency-related effects on interhemispheric 
interaction may not be the same among left-handers as among 
right-handers." In their review, Herve etal. (2013) make sug- 
gestions about future research questions, these include; inves- 
tigating if left-handers as a group have a different neural 
organization than right-handers; do left-handers show varia- 
tion in their intrinsic brain connectivity and how can struc- 
tural and/or functional asymmetries be related to cognitive 
functioning in left-handers? Taken together, this suggests that 
the present theoretical underpinning of degree of handed- 
ness differences, while applicable to right-handers may need to 
be further investigated and/or re-evaluated when considering 
left-handers. 

LIMITATIONS 

The current study has some limitations, including the presen- 
tation of questionnaires using a web-based approach. By using 
this medium, there is the potential problem of participants not 
responding accurately or honestly. However, while this could occur 
within the dataset, there is no a priori reason to expect that the 
rate of error would differ according to handedness category, so 
the main findings should be robust. In addition, although web- 
based data was collected, the initial recruitment of participants 
was made before passing on the survey link, meaning that there 
was some degree of control of the process. It is therefore acknowl- 
edged that there will be an element of self-selection in terms of 
willingness to participate, but again there is no strong reason to 



believe that this would introduce a bias that would artificially 
create handedness based results. In order to improve accuracy 
from self-report questionnaires, future work should include either 
a pre-existing lie scale or add validity questions, to allow for 
removal of any clearly invalid responses (Fervaha and Remington, 
2013). Finally, the regression results suggest that overall; strength 
of handedness is a very weak predictor of personality, while 
direction of handedness seems to demonstrate robust differences 
between left- and right-handers. This suggests the need for a much 
wider investigation of the validity of strength of handedness as a 
predictor. 

CONCLUSION 

The present study reinforces the view that consistent left- and 
right-handers do not always behave in the same way. The clear 
implication is that researchers need to gather sufficient data on 
consistent left-handers in order to delineate where behavior either 
converges with, or diverges from, right-handers. It also highlights 
the need for the handedness research community to be able to 
robustly defend the dichotomization of hand consistency on the 
basis of a strong theoretical and empirical evidence base, including 
an agreed split-point. 
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